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Giant foxtail seeds exhibit an unusual ability to remain 
ungerminated in the soil for a period ranging from weeks to 







oxygen, plays a 
functioning as a 
role in preventing 
Previously, a peroxidase was isolated from 
mature foxtail seeds. This peroxidase, termed FPl, was thought 
to function in this capacity. N-terminal sequencing 
identified the FPl protein as a homologue of Barley Peroxidase 
1 (BPl), a unique Class III peroxidase. Western blot analysis 
shows the FPl protein begins to accumulate at 18 days after 
flowering. Levels of FPl equivalent to those found in mature 
seed is found at 22 days after flowering. Analysis of the 
enzymatic activity of FPl elucidated an unusual pH dependence 
with higher activity found in an acidic medium- analogous to 
the activity of the BPl enzyme. Additionally, we have 
demonstrated FPl' s ability to function as an indole-3-acetic 
( IAA) oxidase. Its role in maintaining auxin homeostasis in 
seeds is proposed. 
1 
CHAPTER 1. INTRODUCTION AND LITURATURE 
REVIEW 
Setaria f aberii, or more commonly giant foxtail, is an 
unrelenting weedy species with profound agricultural 
implications. This annual monocot grass from the Poaceae 
family inhabits vast regions across the United States. It is 
the major grassy weed in the Corn Belt. Giant Foxtail is in 
the subfamily Paniocideae. As a member of the PACC clade, 
Seteria faberii is a C4 grass and a close relative of Zea 
mays. There are many species of foxtail including green (S. 
viridis (L.)), yellow (S. glauca (L.)), knotroot (S. 
geniculata (L.)), and giant (S. faberii (L.)) (Dekker, 2000). 
Foxtail millet, Setaria italica (L.), is the domesticated 
cereal relative of green foxtail 






The ecological success of the Poaceae grasses cannot be 
overstated as they cover approximately 20% of the earth's 
landscape (Kellogg, 2001). In agricultural systems, giant 
foxtail competes with cash crops for water, nutrients, and 
sunlight. Foxtail not only affects crop yields but also 
reduces grain quality (DeFelice, 1998). Unabated competition 
from giant foxtail can reduce crop yields as much as 60% in 
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soybeans and 12% in corn (Defelice, 1998) . Consequently, the 
farming community and agricultural industry have developed and 
deployed various weed management products in an attempt to 
reduce the proliferation of this invasive grass. While many 
weedy species have been controlled with the advent of combined 
pre- and post- emergence herbicides used in conjunction with 
new hybrid crops, success has been limited in the deterrence 
of giant foxtail. Giant foxtail's resistance to recent 
advances in farming technology is attributed to its 
biodiversity and dynamic soil seed bank behavior that allows 
for variable and delayed germination (Dekker and Hargrove, 
2002). 
Perhaps the most intriguing aspect of foxtail is its 
unique seedbank performance. Setaria faberii can lie dormant 
in the field from weeks to years. Several factors contribute 
to its unpredictable seed germination pattern including soil 
temperature, moisture, and gas atmospheric composition. In 
fact, a recent U.S. Department of Agriculture study revealed 
that a single occurrence of temperatures reaching 90°F within 
the top inch of soil prevented germination of giant foxtail 
for the remainder of the season (Forcella, 2001)). It appears 
that giant foxtail has evolved an ability to selectively 
control its own germination. This capability would certainly 
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bring about an evolutionary advantage that would increase seed 
dispersion and ultimately lead to its evolutionary success. 
Giant foxtail is unique in that a single parent panicle 
(seed head) (see Figure 1-1) can produce a wide range of 
seeds, each with a different germination requirement (Dekker 
and Hargrove, 2002). It has also been shown that the time at 
which an individual seed matures on the panicle also affects 
its dormancy, with later maturing seeds having shorter 
dormancy states (Dekker and Hargrove, 2002). The result is 
that a single giant foxtail plant with several panicles can 
produce hundreds of seeds with different germination 
requirements. This heterogeneity among primary, secondary, 
and tertiary panicle seeds may explain giant foxtail's unique 
seedbank performance. 
Examination of the morphology of the foxtail seed 
provides critical information about environmental and 
physiological factors that limit germination and induce 
dormancy. The foxtail seed contains a single placental pore 
and transfer aleurone cell layer (TACL) that serves as the 
single entry point for water and dissolved gases (Dekker and 
Hargrove, 2002). The TACL is a specialized cell membrane 
structure that all nutrients and dissolved gases must pass 
through for entry into the developing endosperm (Dekker and 
Hargrove, 2002). As the seed matures, the caryopsis coat 
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forms a waxy jacket that completely closes the seed off from 
its surroundings. 
Thus, the placental pore serves as the single entry for 
nutrients into the endosperm (see Figure 1-2). 
Dissolved diatomic oxygen levels are critical to 
germination in most plant seeds (Dekker and Hargrove, 2002). 
The typical concentration found in soil (18-21%) is more than 
adequate to allow for germination of giant foxtail (Dekker and 
Hargrove, 2002). The average spring/summer temperature, 
moisture content, and oxygen concentrations of soil are 
sufficient to allow for germination, yet many seeds fail to 
germinate. Giant foxtail must have evolved mechanisms that 
allow it to maintain its dormancy despite satisfactory soil 
conditions. It is hypothesized that passage of oxygen through 
the single placental pore serves as the rate-limiting step in 
the germination process by physically limiting the 
concentration of dissolved oxygen allowed into the seed over 
time (Dekker and Hargrove 2002) . 
The Foxtail Peroxidase 
Seedbank studies provide some insight into possible 
mechanisms to explain how foxtail seeds remain dormant even in 
the presence of favorable germination conditions. In 
particular, a recent study performed by Dr. Jack Dekker and 
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Dr. Mark Hargrove at Iowa State University examined the 
effects of various gaseous atmospheric conditions on giant 
foxtail's germination rates. They discovered that carbon 
monoxide, at concentrations as low as 1%, stimulated both seed 
bank germination percentage and rate (Dekker and Hargrove 
2002) The authors concluded that in addition to the passage 
of oxygen through the placental pore, a heme containing 
protein may be involved in this oxygen regulation process. 
This is predicted based on a heme-protein's ability to bind 
oxygen in the ferrous state as well as its inhibition by 
carbon monoxide. This proposed heme-containing protein is 
thought to serve as an oxygen-scavenging molecule effectively 
limiting the seed oxygen concentration and consequently 
preventing germination (see Figure 1-3). 
increased period of dormancy. 
The result is an 
In summary, dissolved water and 0 2 enters the foxtail 
seed through a single placental pore. The released 0 2 should 
accumulate to adequate levels and induce germination. 
However, the concentration of dissolved 0 2 is reduced by a 
competing molecule (predicted to be a heme-protein) , thereby 
preventing germination and allowing for extended periods of 
dormancy. 
This hypothesis led to the attempt by Dr. Mark Hargrove's 
lab to purify a heme protein from dormant seed. The major 
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heme-containing protein in foxtail seeds was purified. 
Following purification, the N-terminus was sequenced to give 
(Q-P-P-V-A-R-G-L-S-F-D-F-Y-K-R-S) . This sequence was used in 
a protein BLAST search to identify homologous sequences 
(Altschul at el., 1997). The N-terminal polypeptide shared 93% 
sequence identity with Barley Peroxidase 1 (GenBank accession 
number AAA32973) (see Figure 1-4). 
Class III peroxidase. 
Barley peroxidase I is a 
To further examine the family of BPl homologues, an 
alignment of various class III peroxidases from other plant 
species was created using the on-line Clustal-W protein tool 
(EBI, 2002) (see Figure 1-5). This was performed in the hope 
of identifying areas of homology where primers could be 
designed for RT-PCR. 
Peroxidases 
Peroxidases function in a variety of pathways including 
cell well metabolism, auxin catabolism, wound healing and 
pathogen defense (Hiraga, 2001). Peroxidases are organized 
into three major classes. Class I peroxidases are 
intracellular prokaryotic enzymes (Dunford, 1999) . Class II 
peroxidases are non-glycosylated extracellular fungal proteins 
(Dunford, 1999) . The Class I I I enzymes are secretory plant 
peroxidases (Dunford, 1999) . 
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Peroxidases are heme-containing proteins or glycoproteins 
that are able to catalyze the oxidation of numerous substrates 
by hydrogen peroxide. The classical peroxidase redox reaction 
is as follows (Dunford, 1999) : 
( 1) 
(2) Compound I(4+·) + AH 2 -7 Compound II(4+) + ·AH 
( 3 ) Compound I I ( 4 +) + ·AH 
Compound I is the oxyferryl (Fe 4+=0) radical center that 
oxidizes AH2 (Banci, 1997) and is reduced to Compound II. 
An important distinction that needs to be made is that 
the chemistry of the peroxidase is dependant on the oxidation 
state of the heme. To bind oxygen, the Iron-heme (Hb) complex 
of FPl must be in a +2 state. As shown in the redox reaction 
above, the resting state of most class III peroxidases is in 
+3-oxidation state. However, the heme moiety (Hb3 +) of the FPl 
protein can easily be reduced by a number of substrates to 
form Hb2 + (mechanism shown below) . Therefore, it is possible 
that FPl could bind molecular oxygen. 
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(1) Hb3 + 7 Hb2 + 
(2) Hb2 + + 02 7 Hb2 +02 
(3) Hb2 +02 7 Hb3 + + 02-
( 4) 0 2 - 7 scavenging SOD (?) 
The reduction of oxygen to form superoxide is typically 
thought to result from a non-heme containing NAD(P)H oxidase. 
However, Baker at el. (1998), and several others have recently 
demonstrated the ability of Horseradish peroxidase to function 
as an NAD(P)H peroxidase capable of producing superoxide. The 
addition of NAD(P)H oxidase activity to the peroxidase family 
adds to the growing list of functions for this multifaceted 
enzyme. 
Barley Peroxidase I - A Class III Peroxidase 
BPl was first characterized by Johansson et al. in 1992. 
It has since been extensively studied because of its unique 
properties. BPl shows less than 50% identity to most other 
plant peroxidases (Rasmussen et al., 1993). It contains a N-
terminal signal peptide and an additional C-terminal 
propeptide that is thought to serve as vacuolar targeting 
sequence (Henriksen et al., 1998). BPl requires calcium for 
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activity and has an unusual acidic pH dependence with maximum 
activity at a pH of 3.8 (Rasmussen et al., 1993). In fact, it 
cannot form compound I above a pH of five (Dunford, 1999). 
The heme environment of BPl is typical of a class III 
peroxidase and is very similar to Horseradish peroxidase C 
(Henriksen, et al., 1998). BPl contains a single iron 
coordinated to four pyrrole nitrogens of the heme moiety and 
to a proximal histidine in helix F (Banci, 1997). The 
proximal histidine is thought to be critical in a peroxidase's 
catalytic cycle as this residue is able to stabilize high 
oxidation states (Banci, 1997). The sixth iron-coordination 
position is unoccupied and is thereby open for ligand binding. 
Structural studies attribute BPl' s unique properties to the 
ability of the distal histidine to rearrange and provide 
conformational stability at acidic pH (Henriksen et al., 
1998). Even more surprising is BPl' s distinct expression 
profile. Its expression is limited to 15-20 days after 
flowering and it is exclusively expressed in the seed 
(Johansson, 1992. Overall, it appears that BPl may play a 
very different role than other class III peroxidases. 
There can be as many as one-hundred different peroxidase 
isozymes in a single plant (Hiraga, 2001). Because of the 
sheer number of peroxidases and their probable functional 






be difficult (Hiraga, 2001). 
functions of these multipurpose 
enzymes may shed light on their multitude of applications. 
Because of the identify of foxtail seed peroxidase with 
BPl, we had requested on several occasions the cloned cDNA 
(GenBank accession #M73234) from Johansson et al. (1992). 
These investigators were unwilling to share the cDNA and we 
were forced to look elsewhere. After searching the databases, 
a Wheat EST was identified that appeared to be the Wheat BPl 
homologue (GenBank accession number BE402009) . This clone was 
kindly provided by Dr. Olin Anderson at the International 
Triticeae EST Cooperative 
studies. 
( ITEC) and was used in these 
The goals of this research were to clone the BPl 
homologue from Setaria faberii and determine its temporal 
expression profile. 
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CHAPTER 2. MATERIALS AND METHODS 
MATERIALS 
Plant Material 
Setaria faberii seeds (Lot #3731) were provided by Dr. 
Jack Dekker from Iowa State University. Foxtail plants were 
grown the greenhouse in a 16 hour light/8 hour dark period. 
Seeds were isolated from differing time points (+6 to +30 DAF) 
and flash frozen in liquid nitrogen. The initial 
determination of time of flowering for a panicle was based on 
visual observation of the first floral budding of a seed 
contained on the panicle. The observed flowering period for 
the entire panicle was brief, between 24 and 48 hours, after 
initial budding. The seeds harvested for analysis were stored 
at -80°C until used for RNA and protein isolations. 
METHODS 
Nucleic acid methods 
Cloning of a partial cDNA giant foxtail peroxidase by RT-PCR 
Degenerate oligonucleotides were designed from an 
alignment of BPl homologues from rice, barley and wheat (see 
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Figure 1-5). Four areas of sequence identity were noted; 
however, successful amplification was achieved only with the 
FPl-FOR/FPl-REV oligonucleotide pair (see Table 2-1). RNA was 
isolated (Chomczynski and Sacchi, 1987) from foxtail seeds 
harvested at 10 days after flowering (DAF) . RNA was reverse 
transcribed using the protocol provided with the M-MLV reverse 
transcriptase enzyme (Promega, Cat#M1701). PCR was performed 
according to standard protocols as outlined by (Erlich, 1989) . 
The PCR product was digested with BamHI and EcoRI restriction 
endonucleases and visualized on a 1% agarose gel stained with 
ethidium bromide. The corresponding band was excised from the 
gel and purified utilizing a Matrix gel extraction kit (Gibco, 
Cat#11457-017) . 
The Litmus-29 (New England Biolabs, cat #N3629S ) vector 
was digested with BamHI and EcoRI restriction endonucleases 
and prepared in the same fashion for ligation with PCR 
product. The ligation was performed overnight at 16°C and 
transformed into E.coli (DH5a) via a standard heat-shock 
method (Ausubel et al., 1999) . The resulting colonies were 
screened by PCR and a positive clone (pRT528) was generated. 
pRT528 was completely sequenced in both directions at Iowa 
State University DNA Sequencing and Synthesis facility. 
13 
Cloning partial 5'-cDNA of foxtail peroxidase by uneven PCR 
Uneven-PCR, as outlined by Chen and Wu (1997), allows for 
amplification of unknown flanking DNA sequences. Genomic DNA 
was isolated from leaf tissue via a modified 
cetyltrimethylammonium bromide (CTAB) method (Ausubel et al., 
1999). A set of 10 random decamers were used for PCR 
amplification with the following foxtail peroxidase gene 
specific primers: First round primer, 49-31 (R) and a second 
round primer, 19-l(R) (see Table 2-1). PCR products were 
visualized on a 1% agarose gel stained with ethidium bromide. 
The PCR product was excised from the gel and purified 
utilizing Gibco's Matrix gel extraction kit. The PCR product 
was cloned into Promega' s pGEM-T vector (Promega, Cat#A3600) 
to generate clone pRT529. pRT529 was completely sequenced in 
both directions at Iowa State University DNA Sequencing and 
Synthesis facility. 
Cloning of Wheat Seed Peroxidase 1 (WSPl) 
WSPl is a homologue of Barley Peroxidase 1, with greater 
than 85% identity at the protein level. The wheat EST 
encoding the BPl homologue (GenBank accession number BE402009) 
was kindly provided by from Dr. Olin Anderson at the 
International Triticeae EST Cooperative (ITEC) . The EST was 
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received in a Lambda-ZapII vector (Stratagene). The plasmid 
was digested with EcoRI/XhoI endonucleases and the insert was 
sequenced at Iowa State University sequencing facility, Ames 
IA, to verify its identity. The complete sequence of this 
clone was deposited in GenBank (accession number AF525425) . 
Primers were synthesized with compatible restriction enzymes 
from the predicted mature N-terminus (excluding signal 
sequence) through the coding region for PCR amplification. The 
oligonucleotides used for PCR amplification of Wheat Seed 
Peroxidase I are WSPl oligo 1 and WSPl oligo 2 (see Table 2-
1) . PCR was performed according to standard protocols 
(Erlich, 1989). However, due to the high GC content of the 
gene, lM betaine was added in PCR reactions to achieve 
successful amplification (Frackman at el, 1998). The PCR 
product was visualized on a 1% agarose gel stained with 
ethidium bromide. The resultant band was excised from gel and 
purified utilizing Gibco' s Matrix gel extraction kit (Gibco, 
Cat#11457-0l 7). pPROEX-HTb expression vector (Gibco) was 
prepared in the same fashion for ligation with target insert. 
The pPROEX-HTb expression vector has a six-histidine repeat 
tag on the N-terminus for purification on a Nickel-NTA agarose 
affinity column (Qiagen, Cat# 30210) . The ligation was 
allowed to proceed overnight at 16°C and was transformed into 
E.coli (BL-21 DE3) via a heat-shock method (Ausubel et al., 
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1999) . Resultant colonies were screened by PCR and a positive 
clone (pRT527) was generated. pRT527 was completely sequenced 
in both directions at Iowa State University DNA Sequencing and 
Synthesis facility. 
Phage cDNA Library Construction 
RNA was isolated from seeds of Setaria faberii by a 
modified Trizol method (Chomczynski and Sacchi, 1987) at 
appropriate times. Samples were run on a 1% agarose gel to 
verify the integrity of the RNA. The RNA samples were 
quantitated by standard UV spectrophotometric methods (Robyt 
and White, 1987) . One gram of seeds yielded 300µg of total 
RNA. Subsequent mRNA isolation with PolyAtrack mRNA isolation 
kit was performed in accordance with manufactures instructions 
(Promega, Cat# Z5300) . PolyA-mRNA yield was low(2.6µg), but 
more than adequate for the cDNA library construction. One 
microgram of mRNA was used for first strand synthesis and 
amplified by LD-PCR in accordance with cDNA SMART Construction 
kit (Clontech, K1052-1) . The reaction was run on a 1% agarose 
gel to insure that the amplification was successful. cDNAs 
were digested with SfiI and size fractionated with ChromaSpin-
4 0 O columns provided by Cl on tech. Fifteen fractions were 
collected from the columns. These fractions were analyzed by 
gel electrophoresis. Fractions containing the largest cDNA 
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fragments (10-13) were pooled and ethanol precipitated. Three 
ligations were performed at 16°C overnight with differing 
amounts of cDNA. Ligation 1 contained 0.5µ1 of cDNA. 
Ligation 2 contained 1.0µl. Ligation 3 contained 1.5µ1. Each 
ligation was individually packaged and amplified according to 
manufactures instructions provided with GigapackIII Gold 
Packaging kit (Stratagene, Cat# 200201) and resulted in three 
different libraries. The percentage of recombinants and the 
titers of each of these libraries were then determined using 
standard methods (Sambrook et al., 1989). 
Screening of cDNA Library 
DNA probes were radiolabeled with a- 32 P dCTP according to 
a random oligonucleotide-primed synthesis protocol as outlined 
in Ausubel et al., 1999. Unincorporated 32 P was removed by a 
Sephedex G-75 column (Ausubel et al., 1999). 
was verified by thin-layer chromatography 
Probe quality 
(TLC) . One 
microliter of the reaction was dotted on polyethyleneimine 
cellulose plates (Sigma Chemical). The plates were developed 
with 0. 75 M KH2 P04 used as the mobile phase. The TLC plates 
were then exposed to film for 10 minutes and visually 
inspected for successful incorporation of radioactivity into 
large molecular weight products that did not migrate from the 
origin. 
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For screening, phage plaques were plated at a density of 
20, 000 pfu (plaque forming units) per 82 mm plate. Plaque 
lifts and screening procedures were done in accordance with 
previous established protocols (Sambrook et al., 1989). 
Protein Methods 
SDS PAGE and western blotting 
SDS-PAGE was performed according to the methods of 
Laemmli (1970) Western blots were conducted according to the 
methods of Timmons and Dunbar (1990). 
Expression and Purification of Wheat seed peroxidase 1 (WSPl) 
protein 
Expression of pRT527 was induced in BL21 (DE3) with 1 mM 
IPTG at an O.D. 600 of 0.6. The protein profile was analyzed at 
several time points to determine the time of optimal 
expression. 
denaturing 
The recombinant protein was purified under 
conditions in accordance with manufacturer's 
instructions after expression at 37°C for 3.5 hours (Quiagen). 
Protein purity was analyzed on 13% SDS-PAGE gels. Eluted 
samples were pooled and protein concentration was determined 
with the Bradford spectrophotometric assay (Bradford, 1976) . 
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Purification of the major heme peroxidase in giant foxtail 
(FPl) 
Purified FPl was graciously provided by Dr. Mark Hargrove 
at Iowa State University. The pure extract was subjected to 
N-terminal sequencing at the Iowa State University Protein 
Facility, Ames, IA. 
Production of Antiserum against WSPl and FPl 
To detect the presence of a BP-1 homologue in developing 
foxtail seeds, antiserum was produced against the recombinant 
wheat protein (WSPl) . One-hundred-twenty micrograms of 
purified WSPl was electrophoresed on a standard 13% SDS-PAGE. 
The protein band was excised from gel and combined with 
Freund' s complete emulsion for injection into a 4-week-old 
female New Zealand white rabbit on day 0. Subsequent booster 
injections were made at 14 and 28 days with 100 and 75 µg of 
protein respectively with Freund's incomplete adjuvant. 
Injections and care for the animals were performed by the 
personnel at the Cell-Hybridoma Facility at Iowa State 
University, Ames IA. 
A "prebleed" blood sample was taken prior to 
administration of the antigen. This pre-bleed blood sample 
was tested to ensure that the rabbit's preimmune serum did not 
cross-react with the antigen. 
19 
This process was repeated to produce an anti-FPl 
antiserum using enzyme provided by Dr. Mark Hargrove. 
Enzymatic Assays 
Peroxidase Assay 
Peroxidase assays were performed as outlined by Durner at 
el, 1995. Briefly, the spectrophotometric assay measures the 
peroxidase-mediated conversion of guaiacol to tetraguaiacol 
(reaction shown below) (Kikkoman Inc., 2002) The assay was 
monitored at 436 nm at different pH values. 
4 Guaiacol + 4 H202 
(colorless) 
IAA oxidase Assay 
Peroxidase • Tetraguaiacol + 8 H20 (colored) 
An auxin oxidase spectrophotometric assay was performed 
as outlined in Sequeria, 1964. Briefly, the colorimetric 
assay monitors the oxidation of IAA upon addition Salkowski 
reagent by measuring the decrease in absorbance at 53 5 nm. 
Horseradish Peroxidase (Sigma chemical P-6782) was used as 
positive control in these assays. 
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CHAPTER 3. RESULTS 
The primary goal of this work was to characterize the 
accumulation of the foxtail peroxidase at both the mRNA and 
the protein levels. Initially, we sought to clone the foxtail 
FPl cDNA using two different methods, first by RT-PCR and 
second, by preparing a cDNA library and screening with related 
cDNAs. At the start, we had no method of knowing when the 
foxtail peroxidase would begin accumulating. We reasoned that 
the defining period in the development of the giant foxtail 
seed is when the cuticular wax layer seals the seed from its 
surroundings (Jack Dekker, personal communication). At this 
stage of seed development, nutrients, gases, and water can 
only enter through the placental pore. This would require the 
proposed heme-peroxidase to accumulate at approximately the 
same time to begin to scavenge oxygen. The formation and 
hardening of the cuticular wax layer was phenotypically 
determined to be 10 DAF by examination under a microscope 
(Jack Dekker, personal communication) . Based on this 
observation, 10 DAF seeds were used throughout these cloning 
studies. 
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Isolation of peroxidase clone by homology 
Our initial strategy was to attempt to clone the cDNA by 
RT-PCR. This involved primers designed from an alignment of 
the existing BPl homologues and the N-terminus peptide 
sequence provided by Dr. Mark Hargrove. The initial RT-PCR 
experiments aimed at cloning the entire cDNA using an N-
terminal-specif ic oligonucleotide and oligonucleotide-dT were 
unsuccessful, as these primers produced no legitimate product. 
Isolation of partial cDNA of a foxtail peroxidase by RT-PCR 
Oligonucleotides capable of amplifying potential BPl 
peroxidases were generated from a sequence homology search 
among BPl homologues for PCR amplification (see Figure 1-4) . 
These oligonucleotides should produce a 650 bp fragment of the 
foxtail peroxidase, assuming that the foxtail gene contains no 
intrans, as is the case for the BPl gene. Total RNA was 
isolated from 10 DAF seedlings and reverse transcribed using 
Promega' s M-MLV reverse transcriptase. A major PCR product 
was observed at 657 nt. This corresponded to the size that 
was predicted from the compiled sequences (see Figure 2-1). 
This PCR product was cloned into the BamHI/EcoRI sites of the 
Litmus-29 vector to generate clone, pRT528. pRT528 was 
sequenced in both directions at Iowa State University 
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Sequencing facility. The sequence of the pRT528 insert is 
presented in Figure 3-2. 
In silica analysis of the partial cDNA was performed by 
a translated nucleotide BLAST (BLASTx) search against the 
nonredundant protein database (Altschul at el., 1997) . The 
database search identified more than 100 related proteins, all 
of which were peroxidases. Arabidopsis thaliana peroxidase 
(ATP22a) (GenBank accession number CAA70034) had the highest 
level of identity (53%) to the pRT528 insert with a BLAST 
score of le-46 (Altschul at el., 1997). Many other 
peroxidases, including BPl (BLAST score 5e-31), shared some 
identity with pRT528. This data suggested that the partial 
cDNA was indeed a peroxidase. It was, however, unclear 
whether the cloned cDNA fragment was the desired foxtail BPl 
homologue. 
As stated in the introduction, plants can have as many 
as 100 different peroxidases (Hiraga, 2001) . Because the 
oligonucleotides were designed to be specific to the regions 
of highest homology of the plant peroxidase superfamily, the 
identity of the foxtail clone, pRT528, was in question. 
Therefore, we reasoned that the N-terminal sequence was 
crucial in identifying the FPl cDNA. Thus, we attempted to 
clone the 5' flanking sequence of pRT528 using a method known 
as Uneven-PCR. This method uses a series of high quality 
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oligonucleotides based on a known sequence coupled with 10 nt 
arbitrary primers in a two step PCR reaction to amplify 
flanking regions from an unknown sequence. This method has 
successfully been used to amplify promoters (5' flanking 
regions) from a number of genes (Chen at el., 1997). 
Cloning partial 5'-cDNA of foxtail peroxidase by uneven PCR 
Based on the sequence of pRT528, oligonucleotides were 
then designed for uneven-PCR extension at the 5' end in 
conjunction with a number of arbitrary 10-mers (see Table 1-
1). In our study we used 10 different arbitrary primers, 
designated RP 1 to 10, coupled with the known primers, 49-
31 (R) and 19-1 (R) respectively. Of the arbitrary decamers 
used, seven successfully amplified a PCR product after the 
second round of uneven PCR using the nested primers from the 
pRT528 insert. The largest PCR fragment was amplified using 
RPS as the a~bitrary primer. The resulting PCR fragment was 
T/A cloned (Testori et al, 1994) into Promega's pGEM-T vector 
to generate pRT529 (see Figure 3-3). The insert of pRT529 was 
completely sequenced in both directions at Iowa State 
University Sequencing Facility. As expected, the inserts from 
pRT528 and pRT529 overlapped along the shared oligonucleotide 
primer. The sequencing data from the two clones were combined 
24 
into a single annotated continuous sequence for computer 
analysis (see Figure 3-3). 
In silica analysis of the full contig was again performed 
by a translated nucleotide BLAST (tBLASTx) search (Altschul at 
el., 1997). Again, Arabidopsis thaliana peroxidase (ATP22a) 
showed the highest level of homology with 59% identity while 
BPl was 45% homologous. As shown in Figure 3-3, the 19bp 
overlap between the two cloned cDNA fragments (pRT528 and 
pRT529) was conserved. The sequence and BLAST data indicate 
that the uneven-PCR was successful in cloning the 5' flanking 
sequence of the gene encoded by pRT528; however, the N-
terminal amino acid sequence of this clone did not match the 
N-terminal amino acid sequence of the foxtail peroxidase, FPl, 
as determined in Dr. Hargrove's laboratory (see page 6). 
Therefore, we concluded that this gene does not encode FPl. 
This gene was designated Foxtail peroxidase 2 (FP2). 
The FP2 protein translated from the pRT528/529 contig was 
examined using several on-line DNA analysis tools. The PSORT 
analysis tool (Nakai and Kanehisa, 1992) predicts the presence 
of N-terminal signal sequence. The results of this analysis 
predicted the presence of a 20 amino acid N-terminal signal 
sequence with the mature protein beginning with the sequence 
CDGLQVGY (see Figure 3-3). PSORT analysis also predicted the 
cellular location of the protein. The FP2 protein is 
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predicted to be expressed extracellularly with 82% confidence. 
Also identified was the distal heme-coordination sequence and 
proposed auxin-binding site at residues 62 -66 (HFHDC) 
(Savitsky at el., 1998). 
We also examined the 897 bp upstream promoter portion of 
the FP2 to determine whether we could gain any insights into 
its manner of regulation. On-line analysis of the 
transcription start site was performed using the Neural 
Network Promoter Prediction tool at "http://www. fruitfly. 
org/seq_tools/promoter. html". This analysis predicted that 
nucleotide 826 of the promoter as the transcription start 
site. The resulting transcript would therefore have a 72 
nucleotide 5'UTR. The first methionene codon in the transcript 
is at 898-900 and is in frame with the coding region of the 
peroxidase gene. The promoter sequence was also analyzed 
using PLACE, an online database of plant cis-acting regulatory 
DNA elements (http://www.dna.affrc.go.jp/htdocs/PLACE/). 
Several noteworthy areas were identified (see Figure 3-4). 
Initially we identified a putative TATA box that shows high 
similarity to the consensus plant TATA sequence (Joshi, 1987). 
This sequence is located 31 nt upstream from the transcription 
start site. Several endosperm specific transcription factor 
binding sites are located throughout the 897 bp promoter. 
These include sites for Dof proteins, seed storage-protein 
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regulators, and auxin response factors (see Figure 3-4). Dof 
proteins are zinc-finger transcription factors that contain 
only a single zinc-finger DNA interaction domain. They are 
important for endosperm-specific expression (Diaz et al., 
2002). They have also been shown to play important roles in 
growth and development as well as in the activity of auxin 
response promoters (Kang at el., 2000). Interestingly an auxin 
response factor (ARFAT) was also identified at position 519. 
The complete sequence was deposited in Genbank (accession 
number AY128950) . 
Attempt to isolate peroxidase clone from cDNA library 
Regrettably, the predicted N-terminus of the cloned 
foxtail peroxidase did not match the N-terminal sequence 
obtained from the peroxidase isolated from Dr. Mark Hargrove's 
laboratory. Therefore, the gene encoded by pRT528/29 was of 
less interest for these studies and a change in strategy was 
taken to clone the gene encoding the foxtail peroxidase 
thought to be involved in seed dormancy. As a result, we 
shifted approaches to begin to isolate the BPl homologue by 
using a cDNA cloning approach. 
To begin this new approach, we sought to prepare a cDNA 
library that would contain the foxtail seed peroxidase mRNA. 
Again, the time determination for the construction of this 
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library was based upon the reasoning that the important 
timeframe was when the cuticle hardens. Foxtail seeds at 10 
days after flowering were believed to be the ideal point for 
mRNA isolation. 
Phage cDNA Library Construction 
Approximately one gram of seeds were harvested from 
greenhouse grown plants at 10 days after flowering. mRNA was 
isolated from those seeds as described in Materials and 
Methods. First strand cDNA synthesis was performed from 10 
DAF mRNA. Subsequently, second strand synthesis and 
amplification was performed using Cl on tech SMART cDNA 
construction kit with the Long Distance (LD) PCR method. 
These cDNAs were checked by agarose gel electrophoresis to 
insure that they were long enough to contain full-length 
cDNAs. The long cDNAs were digested with Sfiia. The digested 
inserts were size fractionated on a Chromospin column and the 
resulting fractions were checked on an agarose gel. Those 
fractions that contained appropriately sized cDNAs were 
ligated into the arms of ATriplEx2 vector, which was provided 









recombination was evaluated by counting the numbers of blue 
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(non-recombinants) and white (recombinant) bacteriophage in a 
lawn. Libraries 1 and 2 were pooled because they had lower 
recombination rates, and their average insert size was 
determined by PCR screening of 10 clones from the pooled 
library. Library #3 contained the highest percentage of 
recombinants and also had a larger average insert size based 
on PCR screening of 10 clones. Consequently, library #3 was 
selected to screen for the FPl cDNA. 
To determine whether the library #3 contained viable cDNA 
clones, we randomly selected five clones for sequencing. In 
silica analysis of the sequence data, see Table 3-3, by 
tBLASTx queries (Altschul at el• t 1997) found homolgues for 
each of these clones in the database. This analysis also 
demonstrated that 3 of 5 clones were full length. 
Phage cDNA Library Screening 
In an attempt to clone the cDNA encoding FPl, plaques 
from library #3 were screened using the partial foxtail 
peroxidase clone as well as the full-length wheat homologue 
discussed previously. 
Hybridizing plaques were carried through two additional 
rounds of screening. Positive plaques were transduced into 
E.coil (BM25. 8 I Clontech) and sequenced at Iowa State 
University Sequencing Facility. Several genes were cloned 
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(i.e. a Zein storage protein) but no peroxidase genes were 
successfully isolated from this library. 
In the 12 rounds of screening, 2 . 4 x 106 total 
recombinant plaques were screened with a combination of probes 
including pRT528 insert (FP2 clone) and the wheat WSPl cDNA. 
The inability to isolate the desired peroxidase cDNA clone was 
frustrating, especially considering that we had employed 
several independent strategies. Based upon these results we 
were forced to conclude that there were no transcripts 
encoding FPl present in the seeds at 10 days after flowering. 
Therefore, I embarked on an alternate strategy to determine 
when FPl was present in developing seeds. 
Temporal expression of FPl by Western blot Analysis 
Because attempts to clone the Foxtail Peroxidase 1 had 
proven unsuccessful, we next attempted to determine the 
expression profile of FPl at the protein level. Therefore, we 
prepared antiserum against both the Wheat Seed Peroxidase and 
the FPl protein (provided by Dr. Mark Hargrove). Using these 
antisera, we attempted to follow the expression profile of FPl 
using Western Blot analysis. 
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Cloning of Wheat Seed Peroxidase 1 (WSPl) 
A Wheat EST, BE402009, that contained the wheat homolog 
of Barley BPl, was generously provided by Dr. Olin Anderson at 
the USDA Western Regional Laboratory (Albany, California) in a 
pBluescript vector. The plasmid was digested with XhoI/EcoRI 
endonucleases. The insert was subcloned into the pPROEX-HTb 
expression vector to generate the clone pRT527. pRT527 was 
completely sequenced in both directions to verify the identity 
of this clone (see Figure 3-5). The full-length cDNA was 
submitted to GenBank (accession number AF525425) . 
Expression of WSPl (pRT527) 
The pRT527 construct utilizes an N-terminal hexa-
histidine repeat for purification on a nickel-NTA affinity 
column. To overproduce the wheat seed peroxidase, the vector 
pRT527 was transformed into E.coli BL21 (DE3) and induced by 1 
mM IPTG as described in Materials and Methods. Subsequently, 
the cells were lysed with 8 M Urea in Tris/Phosphate buffer 
and centrifuged to remove any cellular debris. The 
supernatant containing the expressed protein was pored over 
the Nickel-NTA resin. After washing the resin to remove 
unbound protein, the tagged protein was eluted with 150 mM 
imidazole. The purity of the flow through was analyzed on a 
13% SDS-PAGE gel (see Figure 3-6). 
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We made several attempts to reconstitute the active 
protein from the purified denatured protein by dialysis from 
BM urea into a phosphate buffer in a stepwise manner. 
However, these attempts proved unsuccessful. Peroxidases 
notably contain multiple disulfide bonds. It is thought that 
improper disulfide bond formation resulted in a protein 
product that precipitated and could not be properly refolded 
to yield a productive enzyme. Further, purification of the 
expressed protein under native conditions was also proved 
unsuccessful. Typical of many foreign expressed proteins in 
E.coli, WSPl was packaged in inclusion bodies and the native 
protein could not be purified on the nickel column. 
Western Analysis of Foxtail Peroxidase I 
To determine the temporal expression profile of FPl, 
antiserum was produced against both the wheat homologue and 
the purified seed protein. Preimmune antiserum showed no 
interactions with any giant foxtail seed protein (see Figure 
3 -7) . The anti-FPl antiserum reacted well with the protein 
profile from mature foxtail seeds. 
obtained with the anti-WSPl antiserum. 
Similar results were 
Based upon these results, the anti-FPl antiserum was used 
to probe western blots of total foxtail seed proteins isolated 
at different days after flowering. 
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Figure 3-8 shows the temporal expression profile of FPl 
from giant foxtail seeds. This large number of peroxidases in 
developing seeds was somewhat surprising given the simplicity 
of the peroxidase profile found in mature seeds (see Figure 3-
8, lane UG) . Based upon its identification in mature seeds, 
it is clear that the 38kDa FPl begins to accumulate around 18 
days after flowering. Approximately six different immuno-
crossreactive peroxidases were detected with this antiserum. 
Immunological similarity among the peroxidase family is a 
common phenomenon (Hu and Huystee, 1989) . These peroxidases 
accumulate with significantly different kinetics. We noted 
that several of these peroxidases are present in developing 
seeds at 10 DAF and may represent candidate proteins encoded 
by the FP2 gene. Determining which protein is encoded by FP2 
will require further work. Protein levels equivalent to those 
found in dormant seeds (the time at which the FPl protein was 
isolated by Dr. Mark Hargrove) are found at approximately 22 
days after flowering. Based upon these analyses, it is clear 
that our original reasoning that predicted FPl expression 
coordinated with the formation of the waxy seed coat was in 
error. The FPl protein does not accumulate this early, but 
rather is the last of the FPl immuno-crossreactive seed 
peroxidases to be expressed. Further, the accumulation of 
this peroxidase remains high throughout seed development while 
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all of the other seed peroxidases transiently disappear as the 
seed develops. The maintenance of the FPl seed peroxidase in 
the mature seeds clearly indicates that this protein is 
physiologically important in mature tissues. Whether this 
importance is related to its germination Physiol is not clear 
from these studies. 
Enzymatic Activity of FPl 
Many Class I I I peroxidases have been shown to have IAA 
oxidase activity. Because FPl belongs to this family, we 
wanted to determine whether the purified FPl also has the 
ability to oxidize auxin. Additionally, the pH dependence of 
FPl's peroxidase activity was analyzed. 
Peroxidase activity of FPl 
Initially, to evaluate peroxidase activity, we monitored 
the peroxidase-mediated conversion of guaiacol to 
tetraguaiacol was monitored at 436 nm. These studies were 
conducted over a range of pHs to evaluate pH dependence of 
FPl's peroxidase activity. The maximum peroxidase activity for 
FPl, 26.8 units/mg, was found at a pH of 6 (see Figure 3-9). 
In agreement with previous published results for BP (Henriksen 
et al., 1998), the FPl peroxidase activity was significantly 
greater at an acidic pH than at a neutral pH. FPl peroxidase 
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activity was 15. 8 units/mg at pH 4 and 7. 84 at a pH of 7 -
almost a two-fold increase. 
Oxidation of IAA by FPl 
Auxin catabolism is a well-documented function of Class 
III peroxidases (Campa, 1991) . Using a spectrophotometric 
assay, the oxidation of IAA is monitored at 535nm after 
addition of Salkowski reagent. One unit of IAA oxidase 
activity is equivalent to a change of one absorbance unit at 
535nm after 1-hour incubation (Sequeria, 1964). As expected, 
Figure 3-10 illustrates FPl' s ability to oxidize IAA. HRP 
(Sigma chemical) was used as a positive control. One 
microliter of HRP (10 units) completely oxidized all of the 
IAA present in solution. A 20% decrease in absorbance was 
recorded from 7. 5 µg of purified FPl corresponding to an 
activity of 20 units/milligram. 
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CHAPTER 4. DISCUSSION 
The goal of this research was to identify the Barley 
Peroxidase I homologue in giant foxtail and determine its 
pattern of expression. BPl is a well-characterized enzyme 
with its structure and chemistry well documented. 
Nonetheless, its in vivo function is hotly debated. It has a 
distinct expression profile and a unique pH dependence that 
leads many researchers to believe that BPl plays a different 
physiological role than has typically been attributed to the 
other class III peroxidases. 
An attempt to clone the gene encoding FPl was plagued by 
the fact our reasoning about its pattern of expression was 
incorrect. The determination to use seeds harvested at 10 
days after flowering proved to be critical. While we were 
successful in isolating the gene for a seed peroxidase from 
day 10 seeds (FP2), this peroxidase did not correspond to the 
same peroxidase that accumulates in mature seeds. Western 
blot analysis shows that detectable levels of the mature seed 
peroxidase do not appear until 18 days after flowering. Levels 
of FPl, similar to those found in dormant seed, do not 
accumulate until 22 days after flowering. 
Despite the fact that isolating a BPl homologue from the 
cDNA library failed, the cDNA library construction itself was 
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successful. The 10 DAF foxtail seed cDNA library contains 
approximately 1.5 x 10 6 recombinant clones. These clones are 
60% full-length clones and have an average insert of 795 bp. 
Inevitably as this project progresses, there may be other 
factors identified that function to regulate giant foxtail 
dormancy. The libraries produced from this work can be used 
to establish an EST database that would help to catalogue 
other expressed seed genes that may influence dormancy. 
We were successful in isolating and partially cloning a 
foxtail seed peroxidase from 10 DAF seeds, designated FP2. 
The peroxidase shared the highest identity with Arabidopsis 
thaliana ATP22a. Promoter analysis of this gene revealed 
several key regulatory elements. First, several DNA binding 
with One finger (Dof) domains were discovered. These 
transcription factors are endosperm specific proteins that 
function to regulate growth and development. They also 
function in enhancing the activity of auxin response factors. 
Additionally, an auxin response (ARFl) regulator element was 
also identified in the promoter. Overall, given the well-







function in regulating auxin 
page 82), is the proposed 
hypothetical auxin regulation of FP2 to maintain low levels of 
IAA in seeds. 
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The FPl peroxidase is more active in an acidic 
environment than at a neutral pH. This finding was in 
agreement with studies of Barley BPl, a homologue of FPl. The 
necessity of an acidic medium would suggest that FPl, as 
others have suggested of Barley BPl, may be targeted to the 
vacuole. This is in contrast with the extracellular 
localization predicted by PSORT. However, cloning the gene 
that encodes FPl is essential in determining its physiological 
role and location. 
FPl also exhibits auxin oxidase activity. This is a 
well-documented function of class III peroxidases. Indole-3-
acetic acid (auxin) is a plant hormone involved in plant 
growth. It affects many plant processes, such as elongation 
and cell di vision. Interestingly, auxin induced growth is 
accompanied by a decline in pH (Devlin and Withman, 1983). 
This 'acid growth', as it is often referred to, is thought to 
be the result of an auxin activated H+-ATPase (Obroucheva, 
1999) . One can speculate that the acidification of the 
environment caused by auxin-induced acid growth may require an 
IAA oxidase that can function in the same surroundings to 
maintain IAA levels. Homeostasis of IAA during early seed 
development is important to seed viability (Ljung at el, 
2002) Seeds store biologically inactive auxin-conjugates 
that are hydrolyzed to form native biologically active IAA 
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upon germination (Ljung at el, 2002). It has been suggested 
that IAA-conjugation is needed to protect stored auxin from 
peroxidase IAA oxidation (Campa, 1991) . Again, the evidence 
suggests FPl may play a role in maintaining auxin homeostasis. 
It would appear that those in the foxtail community have 
a sound understanding of phenotypic events of seed 
development. This information can be coupled with genotypic 
events, as in the timing and regulation of expressed genes 
during seed development. Given the complexity typically found 
in signal transduction pathways, and that exhibited in other 
plant systems, one would expect that germination would be 
equally complex. Again, the establishment of an EST database 
to examine the temporal and spatial profiles of expressed seed 
genes from various developmental stages would be valuable. 
Plant hormones unquestionably play a role in seed 
germination. Recently, Yamauchi et al. (2002) and Shen et al. 
(2001), have uncovered a protein kinase (PKABAl) that may be 
involved in the abscisic acid (ABA) signal transduction 
pathways of barley and wheat aleurone layers that suppress 
giberellin (GA) responsive genes. PKABAl has been shown to 
specifically suppress the GA induction of starch hydrolytic 
proteins (Shen et al., 2001). The ABA/GA antagonist pair has 
long been viewed as important factor in seed dormancy and in 
the onset of germination. 
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Altogether, the need for further studies cannot be 
overstated. Because of the profound effects that giant 
foxtail has on crop yield and grain quality, the understanding 
of its seedbank performance requires attention. Carbon 
monoxide induced germination may implicate the presence of a 
heme-containing protein in the process. Peroxidases, because 
of their unique array of substrates and their role in plant 
hormones metabolism (i.e. auxin catabolism and ethylene 
biosynthesis), may play a role in regulating seed dormancy. 
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CHAPTER 5. CONCLUSIONS 
We were unsuccessful at cloning the gene that encodes the 
Foxtail Peroxidase I protein. However, enzymatic assays 
performed on the FPl protein concur with previous studies of 
its homologue in barley, BPl. This study has determined that 
FPl, like BPl, exhibits an acidic pH dependence. Furthermore, 
we have established FPl's ability to serve as an auxin oxidase 
- a distinctive Class III peroxidase function. In addition, 
the temporal expression profile of FPl was elucidated. The 
FPl protein is found at 18 days after flowering. Levels 
equivalent to those found in mature seeds accumulate at 22 
DAF. 
We have also partially isolated and characterized a 
foxtail seed peroxidase gene, termed FP2. The gene shares 
highest identity with Arabidopsis thaliana peroxidase ATP22a, 
an uncharacterized protein. Notable regulatory elements were 
found in the promoter region of FP2. Several endosperm 
specific transcription factors (Dof) involved in growth and 
development were found. Additionally, an auxin response 
factor (ARFl) was also identified in the proximal promoter. 
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Table 2-1: Oligonucleotides used in this study 




FOR 5'-GCGGATCCCACTTCCACGACTGYTCCGT-3' 28 62 
FPl-
REV 5'-GCGAATTCTGAASAGSWCCTGGTCSGAG-3' 28 64 
49-
31 (R) 5'-TCAGCATCACCGACGCGTC-3' 19 62 
19- 5'-CGGAACAGTCGTGGAAGTG-3' 1 (R) 19 60 
WSPl 
oligo 5'-GGGGATCCGAGCCTCCGGTGGCGCG-3' 25 62 
1 
WSPl 
oligo 5'-GGGAATTCTACAAGCTAGCCAAGCCTTTCT-3' 30 66 
2 
RPl 5 I - CAGGCCCTTC - 3 I 10 34 
RP2 5 I -TGCCGAGCTG-3 I 10 34 
RP3 5'-AGTCAGCCAC-3' 10 32 
RP4 5'-AATCGGGCTG-3' 10 32 
RPS 5'-AGGGGTCTTG-3' 10 32 
RP6 5 I - GGTCCCTGAC- 3 ' 10 34 
RP? 5 I -GAAACGGGTG-3 I 10 32 
RPS 5' -GTGACGTAGG-3 I 10 32 
RP9 5'-GGGTAACGCC-3' 10 34 
RPlO 5 I -GTGATCGCAG-3 I 10 32 
a) Degenerate nomenclature is as follows: Y = T + C, S G 
+ C, and W = A + T. 
b) Based on 2(A+T) + 4(G+C) method. Lowest possible Tm is 












































































































































































































































































































































































































































































































































































































































































































































































Figure 1-1: Green foxtail plant showing labeled primary and 
secondary panicles. Picture provided by Dr. Jack Dekker. 
49 
1 ° panicle 
2° panicle 
50 
Figure 1-2: Foxtail seed showing placental pore (white) and 
placental pad (reddish-brown) . The polished appearance of the 
seed is the cuticular waxy coat that encloses the seed by day 
10 and prevents the direct entry of water and gases into the 
endosperm. Picture provided by Dr. Jack Dekker. 
51 
Pl acental Pore 
Placental Pad 
52 
Figure 1-3: Graphical illustration of the 
germination activation pathway in a typical seed. 
mitochondria are shown shaded grey. The placental 
cross-hashed. The TACL membrane is shown in blue. 



















Figure 1-4: Alignment of N-terminal sequences from purified 
protein and Barley Peroxidase 1 
are shown in red and conserved 
yellow. 
(BPl) . Identical amino acids 
substitutions are shown in 
Foxtail seed peroxidase 
N-terminal Sequence: 
Consensus: 




Figure 1-5: CLUSTAL W (1.81) multiple sequence alignment. WSPl 
(GenBank accession number AF525425) ; BPl (GenBank accession 
number AAA32973); Rice Peroxidase (GenBank accession number 
X66125) . FPl-FOR (shown in blue) and FPl-REV (shown in red) 
are oligonucleotides used for successful amplification of 
partial clone. Primers generated from other areas of homology 
produced non-specific products. 
57 
Consensus GGCAC-A-CACA-AA--AG--AG-AG-T-GCT-G---TG--C-TCTGC-A--A---c 57 
BPl --CAC-A-CACA-AAGGAGAGAGGAGATGGCTCG---TGTTCCTCTGCTAGCAGCAC 49 
WSPl GGCACCAGCACACAAGGAGAGAGGAGATGGCTCG---TGCTCCTCTGCTAGCAGCAC 54 
Rice Perox ------------- - ATCAGT-AGTAGCTTGCTAGCCATGG-CTTCTGCAACTAATTC 41 
Consensus TT----T-GC------G-TG-T-GTGGC--GC--GCT--GGC-T--G-GGC-TC-GC 114 
BPl TTGTGGTGGCAATGGCGGTGTTGGTGGCCAGCTCGCTTGGGCCT-AG-GGCTTCTGC 104 
WSPl TTGTGGTGGC------GGTGGTAGTGGCCAGCTCGCTTGGGCAT-GG-GGCTTCTGC 103 
Rice Perox TTCACTTAGCT-TAATGCTGCTGGTGGCT-GCA-GCTATGGCGTCAGTGGCATCGGC 95 
Consensus -GC--AGC--C---T------CGGC--G-CGTTC-A-T---AC-CG-CG----TGCC 171 
BPl GGCCGAGCCACCGGTGGCGCCCGGCCTGTCGTTCGACTTCTAC-CGGCGGACGTGCC 160 
WSPl AGCGGAGCCTCCGGTGGCGCGCGGCCTGTCGTTCGACTTCTAC-CGGCGGACCTGCC 159 
Rice Perox -GC--AGC-TC---T------CGGC--GACGTTCTA-TG--ACACGTCG----TGCC 130 
Consensus C----GCG--GTCCA-C-T-C--G----CGTC----CAG---GCCGTG--C-GC-AG 228 
BPl CGCGGGCGGAGTCCATCGTGCGCGAGTTCGTC----CAGGAGGCCGTG--C-GCAAG 210 
WSPl CGCGGGCGGAGTCCATCGTGCGCGGCTTCGTC----CAGGACGCCGTG--C-GCAAG 209 
Rice Perox CCAATGCGTTGTCCACCAT-CAAGAG--CGTCATAACAGC-CGCCGTGAACAGCGAG 183 
Consensus G-C-TCG-C-T-G--GC-G-C-CT-CT--G-CT- CACTTCCACGACTG-TTCGT - CA 285 
BPl GACATCGGCCTCGCCGCGGGC-CTCCTTCGACTCCACTTCCACGACTGTTTCGTGCA 266 
WSPl GACATCGGCCTCGCCGCAGGC-CTCCTCCGCCTCCACTTCCACGACTGCTTCGTGCA 265 
Rice Perox G-C-TCG-CATGGGGGC-GTCGCTGCTCAGGCTGCACTTCCACGACTGCTTCGTCCA 236 
Consensus -GG-TGCGACGC-TC-GT-CT-CT-G-----TC-----CGGG--C-GG--AGCAG-A 342 
BPl GGGCTGCGACGCCTCCGTGCTGCTCGACGGCTCGGCCACGGGGCCGGGGGAGCAGCA 323 
WSPl GGGCTGCGACGCCTCCGTGCTCCTCGACGGCTCGGCCACGGGGCCAGGGGAGCAGCA 322 
Rice Perox AGGGTGCGACGCGTCAGTTCTGCT-G-----TC-----CGGG--CAGG--AGCAGAA 278 
Consensus - GC-G--GCCC-AAC-T-----TC-GC------G--TTCA-G--CGTCA-CGACA-C 399 
BPl GGC-GCCGCCC-AACCTCACGCTCCGCCCCTCCGCCTTCAAGGCCGTCAACGACATC 378 
WSPl GGC-GCCGCCC-AACCTCACCCTCCGCCCCTCGGCCTTCAAGGCCGTCAACGACATC 377 
Rice Perox TGCTG--GCCCGAACGTGGGG- TC-GCTGAGGGGA-TTCA-G--CGTCATCGACAAC 327 
Consensus --c--G-C-CGG-TGGAG-GC-A-T-C-GC--C-C-G-C-GTCTCCTGC-CCGACAT 456 
BPl --CGGGAC-CGGCTGGAGCGCGAGTGCCGCGGCGCCGTC-GTCTCCTGCTCCGACAT 431 
WSPl --CGCGAC-CGGCTGGAGCGCGAGTGCCGCGGCGCCGTC-GTCTCCTGCGCCGACAT 430 
Rice Perox GCCAAGGCGCGGGTGGAG-GCCA-T-CTGCAAC-CAGACCGTCTCCTGCGCCGACAT 380 
Consensus CCT-GC--TCGCCGCCCG-GACTCCGT-GTCG-C-C-GG--GGGCC---A----CG- 513 
BPl CCTGGCCCTCGCCGCCCGTGACTCCGTGGTCGTCTCTGGC-GGGCC-TGACTACCGC 486 
WSPl CCTCGCGCTCGCCGCCCGCGACTCCGTGGTCGTCTCCGGC-GGGCC-CGACTACCGC 485 
Rice Perox CCTCGCCGTCGCCGCCCGTGACTCCGTCGTCG-CGCTGGGAGGGCCATCATGGACG- 435 
Consensus GT-C---T-GG--G--G-GA-AG--G-A--T-C-C--C-G---GC-AGG-C-T--C- 570 
BPl GTGCCCCTCGGCCGCCGCGACAGCCGCAGCTTCGCTTC-GAC-GC-AGGACGTC-CT 539 
WSPl GTGCCTCTTGGCCGCCGTGACAGCCGCAGGTTCGCCAC-GCG-GC-AGGACGTG-CT 538 
Rice Perox GTTC-TGTTGG--G--GAGA-AG--GGA-CTCCACCACTGCAAGCGAGGCCTTGGCA 483 
Consensus --T-CCGACCT-CC-G--CC-TCCTC-A-C-T-GC-G--C-T--TCG-C---T-CTC 627 
BPl G- T-CCGACCTGCCGGGGCCCTCCTCGAACGT-GCAGTCCCTCCTCGCCC--TGCTC 591 
WSPl G-T-CCGACCTGCCGGCGCCCTCCTCGAACGT-GCCGTCCCTCCTCGCCC--TGCTC 590 
Rice Perox AATACCGACCTCCCTGCCCCTTCCTCTAGCCTCGCAGAACTTA-TCGGCAATTTCTC 539 
Consensus ---------GG-CTCGACGC-ACCGAC-T-GT--C--TCTC-GG-G--CACAC-ATC 684 
BPl GGCCGCCTCGGCCTCGACGCCACCGACCTCGTGACGATCTCCGGCGGCCACACCATC 648 
WSPl CGGCCCCTCGGTCTCGACGCCACCGACCTCGTCACGATCTCTGGCGGCCACACCATC 647 
Rice Perox CAGAAAG--GGACTCGACGCAACCGACATGGTTGCTCTCTCAGGAGCACACACGATC 594 
58 
Figure 1-5. (continued) 
Consensus GGGC-GGCGCA-TGC------TTC--GGAC-G--TCT-C---CG----GACC--A-C 741 
BPl GGGCTGGCGCACTGCAGCTCCTTCGAGGACAGACTCTTCCCGCGCCCCGACCCCACC 705 
WSPl GGGCAGGCGCACTGCTCCTCCTTCGAGGACCGCCTCTTCCCTCGTCCCGACCCCACC 704 
Rice Perox GGGCAGGCGCAGTGCCAGAATTTCAGGGACAGGATCTACAA-CGA---GACC--AAC 645 
Consensus AT-----cc-C-TTC-C--C-C-A-GC--A-G---AC-TGCCC---G-C-A-GGGCA 798 
BPl ATAAGCCCCACCTTC-CT-CTCGAGGCTGAAGAGGACGTGCCC--GGTCAA-GGGCA 757 
WSPl ATCAACCCCCCATTC-CT-CGCTAGGCTGAAGGGGACGTGCCC--TGCCAA-GGGCA 756 
Rice Perox ATCGATTCCGCCTTCGCGACGCAACGCC-AGGCCAAC-TGCCCACGGCCGACGGGCA 700 
Consensus -CG-C-G-C-GCA-CC--G-GC---TGGAC--G-CG-AC-CCCAACG--TTCGACAA 855 
BPl CCGACCGCC-GCA-CC--GTGC---TGGACGTG-CGCACACCCAACGTGTTCGACAA 806 
WSPl CCGACCGAC-GCA-CC--GTGC---TGGACGTG-CGCACGCCCAACGTGTTCGACAA 805 
Rice Perox GCGGC-GACAGCAACCTGGCGCCCGTGGACACGACG-ACGCCCAACGCCTTCGACAA 755 
Consensus C---TACTA-----ACCTG-TG--C----AGGGGCTC-T--- CTC-GACCAGG--CT 912 
BPl CAAGTACTACATAGACCTGGTGAACCGGGAGGGGCTCTTCGTCTCGGACCAGGACCT 863 
WSPl CCAGTACTATGTCGACCTGGTGAACCGGGAGGGGCTCTTCGTCTCCGACCAGGACCT 862 
Rice Perox CGCCTACTACAGCAACCTGCTGTCCAACAAGGGGCTCCTGCACTCCGACCAGGTGCT 812 
Consensus -TTCA -C--CG-CA-C----AC--C-CGG-C---A---T-G-G--C---GC--CG-- 969 
BPl GTTCACCAACGCCATC----AC--C-CGGCCA--ATAGTCGAGCGCTTTGCG-CGGA 910 
WSPl CTTCACCAACGACATC----AC--C-CGGCCC--ATCGTTGAGCGCTTTGCA-CGAA 909 
Rice Perox CTTCAACGGCGGCAGCGCGGACAACACGGTCAGGAACTTCGCGTCCAACGCGGCGGC 869 
Consensus G--CAGC-G-G-CTTC--CGA-G--CA--GT-----T-GG---C-T-TC-C---T-- 1026 
BPl GC-CAGCAG-GACTTCTTCGA-G--CA--GT-----TCGG---CGTGTC-CA--TT- 948 
WSPl GC-CAGCGG-GACTTCTTCGA-G--CA--GT-----TCGG---CGTGTC-CA--TG- 947 
Rice Perox GTTCAGCAGCGCCTTCA-CGACGGCCATGGTGAAGATGGGGAACATCTCGCCGCTGA 925 
Consensus --GG-A-G--GGG-CAGAT-AGG-T---C-GC-CCA--G-GA---cc-------GG- 1083 
BPl --GGTAAGATGGGGCAGATGAGGGTC--C-GCACCA--GCGA---CCAG-----GGC 990 
WSPl --GGCAAGATGGGCCAGATGAGGGTG--C-GCACCA--GCGA---CCTG-----GGA 989 
Rice Perox CCGGGACGCAGGGGCAGATCAGGCTCAGCTGCTCCAAGGTGAACTCCTAATTAAGGA 982 
Consensus G--GT--G-CGG-A-TGC-T-CG---C-G-AA-C----c-----CG-CG-CGAC--- 1140 
BPl GAGGTCCGCCGGAACTGC-TCCGT--CCGCAACCCTGGCCC---CGGCGCCGACG-- 1039 
WSPl GAGGTCCGCCGGAACTGC-TCCGC--CCGCAACCCCGGCCCAGCCGCCGCCGACG-- 1041 
Rice Perox GTAGTATGACGGGA-TGCGTTCGTTGCTGGAAGCAAATCGT-GTCGACGACGACATA 1037 
Consensus ---G--CCA-----C-T---CC--T-T-TG-AG----ACCA----T----GT-CG-- 1197 
BPl --CGCTCCAGTGGCCGT---CCC-T-TGTGCAG----ACCA----TC---GT-CGAC 1077 
WSPl --AGCTCCAGTGGCCGT---CCT-T-TGTGCAG----ACCA----TC---GT-CGAT 1079 
Rice Perox AACGGGCCACACCACATATACCCATATATGTAGTATAACCACAAGTATAGGTACGGT 1094 
Consensus G--G-----C--G--CA-G--AAG--T-TGGC----AGCT---T-TA-------A-C 1254 
BPl GAAG-----cc-G--CA-G-GAAGCAT-TGGCT---AGCT---TCTA-CAGT--AGC 1114 
WSPl GCAG-----CT-G--CA-G-AAAGGCT-TGGCT---AGCT---TGTA-------AGC 1112 
Rice Perox GGTGTTGTACTAGTACACGTAAAGTATATGGCAGCCAGCTCGCTCTAGCAATCCATC 1151 
Consensus A--T-TA--GA--AG--------TGG-A-TAG-A-CT-GT---------TAA----- 1311 
BPl A--TCTA--GATCAG--------TGG-ACTAGTAGCT-GT---------TAA----- 1143 
WSPl A--TCTA--GACAAG--------TGG-ACTAGTAGCT-GT---------TAA----- 1141 
Rice Perox AAGTGTATGGAGCAGAGCAGCCATGGCATTAGCACCTAGTATACCAAAATAAAAGCT 1208 
Consensus --TCATG-CGAA---AT--A---AG--T-AA--AACT-G-TA---TCAAAAAAAAAA 1368 
BPl --TCATGTCGAATTAATAAA---AGG-TGAAGAAACTGGA----------------- 1177 
WSPl --TCATGTCGAAATAATAAA---AG--TGAACAAACTTGATA---TCAAAAAAAAAA 1188 
Rice Perox CCTCATG-CGAAGGCATGCATGGAGGATTAATGAACT-GTTACCTTCAAAAAAAAAA 1263 
59 
Figure 3-1: PCR amplification of a foxtail peroxidase using 
degenerate oligonucleotides. Lane 1 is lambda/HindIII ladder. 
Lane 2 is standard PCR reaction. Lane 3 contains optimized 
PCR with lM betaine for successful amplification of partial 
foxtail peroxidase cDNA. 
60 
1 2 3 
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Figure 3-2: Sequence of giant foxtail peroxidase partial 
cDNA clone (pRT528) . The translated protein sequence is shown 
below the nucleotide sequence. The distal heme-coordination 
sequence (HFHDC) is shown bolded in red (Savitisky et al., 
1999) . 
62 
CAC TTC CAC GAC TGT TCC GTC CGG GGA TGC GAC GCG TCG GTG ATG 45 
H F H D C S V R G C D A S V M 
CTG ATG GCG CCG AAC GGG GGC GAC GAG AGC CAT AGC GGC GCG GAC 90 
L M A P N G G D E S H S G A D 
CGA CAC TGT CGC AGA CGC CGT GGA CGC CAT CAA CAA GGC CAA GGC 135 
R H C R R R R G R H Q Q G Q G 
GGC CGT GGA GGC GCT CCC CGG GTG CGC CGC AAG GTG TCG TGC GCG 180 
G R G G A P R V R R K V S C A 
GAC ATC CTC GCC ATG GCC GCA CGT GAC GTC GTC TCC CTG CTG GGC 225 
D I L A M A A R D v v s L L G 
GGG CCA AAC TAC GCC GTT GAG CTC GGG CGG CTG GAC GGC AAG TCC 270 
G P N Y A V E L G R L D G K S 
TTC AAC AGG GCC ATC GTC AAG CAC GTT CTC CCC GGC CCG GGC TTC 315 
F N R A I v K H v L p G p G F 
AAC CTG GAC CAG CTC AAC TCC CTG TTC GCG CAG AAC GGG CTC ACG 360 
N L D Q L N S L F A Q N G L T 
CAG ACG GAC ATG ATC GCG CTC TCA GGC GCT CAC ACG ATC GGC GTG 405 
Q T D M I A L S G A H T I G V 
ACG CAC TGC GAC AAG TTC ATC CGC CGG ATC TAC ACG TTC AAG CAG 450 
T H C D K F I R R I Y T F K Q 
CAC CTG CCG TGG AAC CCG CCG ATG AAC CTG GAG TAC TGC GGT CGC 495 
H L P W N P P M N L E Y C G R 
TGC GTC GGG TGT GCC CCA TCA ACT ACA GCC CGA CGG CGA TCG CGA 540 
C V G C A P S T T A R R R S R 
TGC TGG ACG CGT CCA CGC CCA GGG TCT TCG ACA ACG CCT ACT TCA 585 
C W T R P R P G S S T T P T S 
ACA ACC TCC GCT ACA ACA AGG GCC TGC TCG CCT CGG ACC AGG ACC 630 
T T S A T T R A C S P R T R T 



























868 CATCATCCAGCTGCTAAGACGACAGTCGTC ATG 
A A S I K L C L L V S C A L V 
901 GCT GCC AGC ATT AAG CTC TGC CTA CTA GTC TCG TGC GCT CTG GTT 
L A T A C D G L Q V G Y Y R K 
946 CTG GCC ACG GCG TGC GAT GGC CTG CAG GTG GGC TAC TAC AGG AAG 
T C P R A E A L V R A E V K K 
99 1 ACG TGC CCC AGG GCC GAG GCC CTC GTG AGG GCC GAG GTG AAG AAG 
A V R A N T G V G A G L I R M 
1036 GCC GTT CGC GCC AAC ACC GGC GTC GGC GCT GGC CTC ATC CGC ATG 
H F H D C S V R G C D A S V M 
1081 [CAC TTC CAC GAC TGT TCC QTC CGG GGA TGC GAC GCG TCG GTG ATG 
Uneven oligonucleotide #2 Uneven oligonucleotide #1 
L M A P N G G D E S H S G A D 
1126 CTG ATG GCG CCG AAC GGG GGC GAC GAG AGC CAT AGC GGC GCG GAC 
R H C R Q T P W T P S T R P R 
1171 CGA CAC TGT CGC CAG ACG CCG TGG ACG CCA TCA ACA AGG CCA AGG 
65 
Figure 3-3. (continued) 
R P W R A P R V R R K V S C A 
1216 CGG CCG TGG AGG GCT CCC CGG GTG CGC CGC AAG GTG TCG TGC GCG 
D I L A M A A R D V V S L L G 
1261 GAC ATC CTC GCC ATG GCC GCA CGT GAC GTC GTC TCC CTG CTG GGC 
G P N Y A V E L G R L D G K S 
1306 GGG CCA AAC TAC GCC GTT GAG CTC GGG CGG CTG GAC GGC AAG TCC 
F N R A I V K H V L P G P G F 
1351 TTC AAC AGG GCC ATC GTC AAG CAC GTT CTC CCC GGC CCG GGC TTC 
N L D Q L N S L F A Q N G L T 
1396 AAC CTG GAC CAG CTC AAC TCC CTG TTC GCG CAG AAC GGG CTC ACG 
Q T D M I A L S G C H T I G V 
1441 CAG ACG GAC ATG ATC GCG CTC TCA GGC TGC CAC ACG ATC GGC GTG 
T H C D K F I R R I Y T F K Q 
1486 ACG CAC TGC GAC AAG TTC ATC CGC CGG ATC TAC ACG TTC AAG CAG 
H L P W N P P M N L E Y C G R 
1531 CAC CTG CCG TGG AAC CCG CCG ATG AAC CTG GAG TAC TGC GGT CGC 
C V G C A P S T T A R R R S R 
1576 TGC GTC GGG TGT GCC CCA TCA ACT ACA GCC CGA CGG CGA TCG CGA 
C W T R P R P G S S T T P T S 
1621 TGC TGG ACG CGT CCA CGC CCA GGG TCT TCG ACA ACG CCT ACT TCA 
T T S A T T R A C S P R T R T 
1666 ACA ACC TCC GCT ACA ACA AGG GCC TGC TCG CCT CGG ACC AGG ACC 
s s 
1711 TCT TCA 
66 
Figure 3-4: Diagram of the 897 bp upstream promoter region of 
the gene that likely regulates the expression of cloned 
foxtail seed peroxidase. Endosperm specific transcription 
factor (Dofl, AAAG) is marked (D). The auxin 
element (TGTCTC, 519) 
795 is marked (Ill) 
is marked (. ). TATA box 
Transcriptional start site 






transcription factors identified by PLACE analysis are noted 























































































































Figure 3-5: Sequence of WSPl (pRT527) in pPROEX-HTb 
expression vector. The native N-terminal signal peptide was 
not included in the construct. The full-length cDNA was 
deposited in GenBank (accession number AF525425) . Restriction 
sites used are shown in red. The His-Tag and start/stop 




ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC GAT TAC GAT ATC CCA 54 
M S Y Y H H H H H H D Y D I P 
BamHI 
ACG ACC GAA AAC CTG TAT TTT CAG GGC GCC ATG GGA TCC GAG CCT 99 
T T E N L Y F Q G A M G S E P 
CCG GTG GCG CGC GGC CTG TCG TTC GAC TTC TAC CGG CGG ACC TGC 144 
P V A R G L S F D F Y R R T C 
CCG CGG GCG GAG TCC ATC GTG CGC GGC TTC GTC CAG GAC GCC GTG 189 
P R A E S I V R G F V Q D A V 
CGC AAG GAC ATC GGC CTC GCC GCA GGC CTC CTC CGC CTC CAC TTC 234 
R K D I G L A A G L L R L H F 
CAC GAC TGC TTC GTG CAG GGC TGC GAC GCC TCC GTG CTC CTC GAC 279 
H D C F V Q G C D A S V L L D 
GGC TCG GCC ACG GGG CCA GGG GAG CAG CAG GCG CCG CCC AAC CTC 324 
G S A T G P G E Q Q A P P N L 
ACC CTC CGC CCC TCG GCC TTC AAG GCC GTC AAC GAC ATC CGC GAC 369 
T L R P S A F K A V N D I R D 
CGG CTG GAG CGC GAG TGC CGC GGC GCC GTC GTC TCC TGC GCC GAC 414 
R L E R E C R G A V V S C A D 
ATC CTC GCG CTC GCC GCC CGC GAC TCC GTG GTC GTC TCC GGC GGG 459 
I L A L A A R D s v v v s G G 
CCC GAC TAC CGC GTG CCT CTT GGC CGC CGT GAC AGC CGC AGG TTC 504 
P D Y R V P L G R R D S R R F 
GCC ACG CGG CAG GAC GTG CTG TCC GAC CTG CCG GCG CCC TCC TCG 549 
A T R Q D V L S D L P A P S S 
AAC GTG CCG TCC CTC CTC GCC CTG CTC CGG CCC CTC GGT CTC GAC 594 
N V P S L L A L L R P L G L D 
GCC ACC GAC CTC GTC ACG ATC TCT GGC GGC CAC ACC ATC GGG CAG 639 
A T D L V T I S G G H T I G Q 
GCG CAC TGC TCC TCC TTC GAG GAC CGC CTC TTC CCT CGT CCC GAC 684 
A H C S S F E D R L F P R P D 
CCC ACC ATC AAC CCC CCA TTC CTC GCT AGG CTG AAG GGG ACG TGC 774 
P T I N P P F L A R L K G T C 
CCT GCC AAG GGC ACC GAC CGA CGC ACC GTG CTG GAC GTG CGC ACG 819 
P A K G T D R R T V L D V R T 
70 
Figure 3-5. (continued) 
CCC AAC GTG TTC GAC AAC CAG TAC TAT GTC GAC CTG GTG AAC CGG 864 
p N v F D N Q y y v D L v N R 
GAG GGG CTC TTC GTC TCC GAC CAG GAC CTC TTC ACC AAC GAC ATC 909 
E G L F v s D Q D L F T N D I 
ACC CGG CCC ATC GTT GAG CGC TTT GCA CGA AGC CAG CGG GAC TTC 954 
T R p I v E R F A R s Q R D F 
TTC GAG CAG TTC GGC GTG TCC ATG GGC AAG ATG GGC CAG ATG AGG 999 
F E Q F G v s M G K M G Q M R 
GTG CGC ACC AGC GAC CTG GGA GAG GTC CGC CGG AAC TGC TCC GCC 1044 
v R T s D L G E v R R N c s A 
CGC AAC CCC GGC CCA GCC GCC GCC GAC GAG CTC CAG TGG CCG TCC 1089 
R N p G p A A A D E L Q w p s 
TTT GTG CAG ACC ATC GTC GAT GCA GCT GCA GAA AGG CTT GGC TAG 1134 
F v Q T I v D A A A E R L G z 
CTTGTAGAAT TCAAAGGCCT ACGTCGACGA GCTCACTAGT CGCGG 
EcoRI 
71 
Figure 3-6: SDS-PAGE of the affinity purified WSPl on a 13% 
polyacrylamide gel. Lane 1 is protein ladder. Lane 2 is 







Figure 3-7: Western blot of FPl antiserum to total foxtail 
seed protein. Lane 1 is purified FPl on 13% SDS-PAGE gel 
stained with Coomassie blue. Lane 2 is Western blot of mature 
foxtail seed proteins (20µg) probed with preimmune serum. 
Lane 3 is Western blot of mature foxtail seed proteins (20µg) 




Figure 3-8: Temporal expression profile of FPl protein by 
Western blot analysis. 
(days after flowering) . 
Time points are marked accordingly 
Fifty micrograms of protein isolated 
from ungerminated seed (labeled as UG) . One microgram of 
purified FPl protein was run as (+) control. Arrow denotes FPl 
protein. 
76 
6 8 10 12 14 16 18 20 22 UG + 
DAYS AFTER FLOWERING 
77 
Figure 3-9: pH dependence of FPl peroxidase activity. Each 











































































Figure 3-10: The oxidation of IAA by Foxtail peroxidase I. 
Each point was repeated in triplicate. Error bars show ± 2 
standard deviations (95% confidence) . The oxidation of auxin 





































































































r;;' @~ DOF ARF ®r• AAA .; @ \, 
Respol Auxin FP2 gene 
1) Auxin binds to transcription factor 
transcription factor enhances activity 





2) DOF and ARFl bind to regulatory elements of FP2 promoter 
3) FP2 gene is activated 
4) FP2 protein is synthesized 
5) Indole-3-acetic acid (IAA) is oxidized to maintain auxin 
homeostasis 
6) Primary breakdown products of 




First and foremost, I would like to thank Dr. Robert W. 
Thornburg for the opportunity to work in his laboratory. He 
has truly been a teacher in every sense of the word. His 
willingness to spend time on my development as a biochemist, 
despite a full workload, is greatly appreciated. Also, to Dr. 
Clay Carter and Chris Kafer, members of the Thornburg Lab, for 
their constant support and guidance throughout my research 
project. They have taught me more about biochemistry than I 
could have ever imagined. To my wife, and best friend, Wendy 
for her steadfast support of all my endeavors. Together, we 
can accomplish anything. Finally, to my children, Muhammad, 
Renna, and Ali for their constant reminder of what truly is 
important in life. Whenever I need to smile, they are there 
for me. Anchors Away! 
